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导荧光 LIF 检测的二维分析平台；并成功应用于三种模型肽 Vas、Som 和
GGYGGC 的检测中，实现了三种多肽的高灵敏识别、分离和定量分析。通过比
较结果可知，HPLC-ICP-MS 对三种多肽的检出限分别为 0.130，0.130 和 0.259 







































After genomics, proteomics has become another major issue and thus a research 
focus in life science and chemical biology and medical science. As the deepening of 
the proteomics research, besides to recognize the species and to visualize their 
expression location and distribution, it is more important to accurately quantify the 
expression level during the dynamic change of proteins presented in the same given 
biological sample, obtaining the more comprehensive and accurate information, 
which is of great significance to understand the mysteries of life, and to perform a 
reliable clinical diagnosis as well as subsequent drug screening. In order to effectively 
solve these issues emerged in proteomics studies, new analytical techniques and 
methods of high sensitivity and selectivity are urgently needed. Among various 
analytical techniques and methods developed in recent years, fluorescence and mass 
spectrometry (MS) based on labeling strategies have become the two main analytical 
techniques for proteomics research. The power of fluorescence technique lies in its 
high sensitivity (especially, LIF, which is one of the most sensitive spectroscopic 
methods), high spatial and temporal resolution, visual imaging ability, thus can realize 
the real-time and in-situ monitoring of proteins in vitro and in vivo. As for MS, 
molecular MS is a very effective tool for structural identification of proteins in the 
biological system and also for their relative quantification. Element MS (especially, 
ICP-MS), which is the best element measuring technique so far available, can achieve 
the absolute protein quantification via measuring the endogenous heteroatoms in the 
protein molecules and/or exogenous elements introduced onto the proteins by labeling 
strategies when coupled with a protein-specific recognition route or an effective 
separation technique. Taking advantage of the strengths of the above techniques and 
overcoming their individual limitations, the combination of MS and fluorescence 
spectrometry is probably a most powerful way for recognizing, visualizing and 
accurately quantifying peptides/proteins in biological samples, giving comprehensive 
information of targets, paving a reliable new way for proteomics research and 
















   In this thesis, in order to selectively recognize, visualize and accurately quantify 
proteins in the same sample, we developed several novel labeling strategies based on 
the develpement of several mono-function probes or one multifunctional probe, which 
allow multi-technique analysis of proteins combining the use of fluorescence 
detection technique and element mass spectrometry. These will be described in the 
below four chapters: 
In Chapter 1, background knowledge of proteins was briefly introduced first. 
Furthermore, recent development of protein labeling strategies and the corresponding 
detection techniques and analytical methods were emphatically described and 
reviewed. On this basis, the research ideas and contents and significance of this thesis 
were proposed. 
In Chapter 2, a new dual-labeling strategy for labeling -SH and -NH2 of the same 
target peptide molecule with a rare-earth element tag (MMA-DOTA-Eu) and a 
fluorescent tag FITC was developed. Based on this strategy, a two-dimensional 
analysis platform for peptide detection and absolute quantification was developed 
using species-unspecific isotope dilution strategy with ICP-MS and LIF techniques. 
This method successfully applied to the analysis of the three model peptides Vas, Som 
and GGYGGC, realizing their highly sensitive recognization, separation and 
quantification. As can be seen from the results, the LODs of the three model peptides 
obtained using HPLC-ICP-MS were two orders of magnitude lower than those using 
CE-LIF, reaching 0.130，0.130 and 0.259 nmol L-1 for Vas, Som and GGYGGC, 
respectively, suggesting that HPLC-ICP-MS is a superior platform for quantification 
of peptides.  
In Chapter 3, a new multidimensional analytical method using laser confocal 
scanning microscope (CLSM) and ICP-MS for the quantification of cancer markers 
and the corresponding cancer cells was established based on the design and synthesis 
of a trifunctional probe cRGD-AMF-DOTA-Eu, in which fluorophore group, element 
moiety and guiding group were conjugated together. It was applied to study the 
important cancer markers αvβ3/5 integrins and the corresponding cancer cells, 
















accurate quantification. More comprehensive and accurate information of the 
biomarker and corresponding tomer cells were obtained, paving a new way for the 
early diagnosis of cancer. 
In Chapter 4, a conclusion of what I have achieved during my master studies and 
a perspective of future development in this research field were presented. 
 
Keywords: Protein; Dual-labeling Strategy; Trifunctional Probe; ICP-MS; Isotope 
Dilution; Protein Absolute Quantification; CE-LIF; Fluorescence Imaging; Cancer 
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